ABSTRACT. The aim of this study was to determine the cytotoxic and proapoptotic activity of methanol extracts from Teucrium polium L. and T. montanum L. on immortalized cell lines of breast cancer (MDA-MB-231) and colorectal carcinoma (SW-480). The cytotoxic activity was determined using MTT cell viability assay, where IC 50 value was used as a parameter for cytotoxicity. The type of cell death was explored by fluorescence microscopy using acridine orange/ethidium bromide method. For determination apoptosis signal pathways expression of Fas receptor was monitored by immunofluorescence, while caspases 8 and 9 activity was analyzed, by colorimetric based assays. The results indicate that both plant extracts induced decrease of MDA-MB-231 and SW-480 cell viability, good cytotoxicity (IC 50 values in range of 118.26 to 429.32 µg/ml, depends on type of cells and extracts, as well on treatment periods) and induced apoptosis, as a dominant type of cells death (6-11% of total cells). Investigated treatments led to increase in Fas receptor expression only in the case of T. montanum treatment on MDA-MB-231 cells. Additionaly, apoptosis was activated and realized via external pathway with the activation of internal apoptotic pathway mediated by caspases 8 i 9 in MDA-MB-231 cells while apoptosis occurred by caspase-independent pathway in SW-480 cells. In conclusion, the results showed that the investigated methanol extract of Teucrium species showed good cytotoxic and proapoptotic activities, T. montanum expressed better activity, and the MDA-MB-231 cells were more sensitive to treatments.
INTRODUCTION
Carcinogenesis is a complex process, where during the transformation of normal cells in tumor cells come to the accumulation of multiple genetic changes (WEINBERG, 2014) . Breast cancer is the most common malignant tumor in women. Research shows that women with mutation in the BRCA1 or BRCA2 gene have 45-85% chance to be affected by tumor (ROSENBERG et al. 2016) . The risk of development of this type of cancer increases with age (the largest in the period between 40 and 50 years) (BORANIĆ et al. 2006 ). On the other hand, colorectal cancer is the third most frequent in women, but it is in the first place in men (MILIĆ and DAMNJANOVIĆ, 2013) .
Traditional medicine relates to the use of plants and their products for the treatment and prevention of diseases (RAVELO et al. 2004) . Plants are organisms with the large quantities of bioactive compounds, and since the earliest civilizations used as prevention for many diseases, including tumors. When consider anti-tumor substances, or drugs, 60% derive from natural sources (NEWMAN et al. 2003; CRAGG and NEWMAN, 2005) . Biologically active compounds present in plants are phenolic compounds, oligosaccharides, phytosterols, phytoestrogens, and polyunsaturated fatty acids (GREE et al. 2001) . The most common phenols in plants are flavonoids (NIJVELDT et al. 2001) . Considering that species belonging to the Teucrium genus (Lamiaceae) are very rich in phenolic compounds and have strong biological activity (HASANI-RANJBAR et al. 2010 ; YIN et al. 2009 ) the determination of antitumor effects of the plant species Teucrium polium L. and T. montanum L. in breast and colon cancer cell lines can greatly contribute to the further development of anticancer therapies. In our stady we used species T. polium L. and T. montanum L. selected from different localities, which greatly altered the activity of the extracts due to their different environmental conditions influencing them (STANKOVIĆ et al. 2011; STANKOVIĆ et al. 2015) .
Induction of apoptosis is increasingly valued as a biologically significant anticancer mechanism and is one of the major strategies in cancer therapy (WONG, 2011) . Apoptosis is a form of "active cell death" because the cells involved in this process actively, run by themselves. Therefore, apoptosis is usually called programmed cell death (ALBERTS et al. 2008; WEINBERG, 2014) . As a mechanism that regulates cell number, apoptosis has an important role in the process of carcinogenesis. There are two activation pathways of apoptosis: receptor (external) and mitochondrial (internal) apoptotic pathway. The external pathway involves the binding of a ligand to receptors (this case was observed in the expression of Fas receptor), which extend from the external to the interior surface of the membrane. Parts of these receptors, which are located in the cytoplasm, are known as the death domain. Afterword they associate with receptors of signaling pathway inducing apoptosis (WONG, 2011; OUYANG et al. 2012) . Key proteins involved in this process are enzymes, known as caspases. They are located in the cytoplasm as inactive proteins that are activated when it is needed. One caspase can activate other caspases thereby enhancing the stimulus for apoptosis which accelerates cell death (WEINBERG, 2014) . In this case, the parameters that are monitored are associated with signal path that through the receptor leads to initiation of apoptosis and his realization.
On the basis of the literature data and actuality of antitumor therapy problem, the aim of this study was to determine the cytotoxic and proapoptotic effects of methanol extracts of plants T. polium L. and T. montanum L. on immortalized cell lines of breast cancer (MDA-MB-231) and colorectal carcinoma (SW-480).
MATERIALS AND METHODS

Chemicals
Dulbecco's Modified Eagle Medium (DMEM) and Phosphate Buffered Saline (PBS) were obtained from GIPCO, Invitrogen, USA. Fetal Bovine Serum (FBS) and Trypsin-EDTA were from PAA (The cell culture company), Austria. Dimethyl Sulfoxide (DMSO), Ethidium bromide (EB), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), Nitro Blue Tetrazolium (NBT) and Bovine Serum Albumin (BSA) were obtained from SERVA, Germany. Acridine Orange (AO) was obtained from Acros organics, New Jersey, USA.
Polyvinyl alcohol mounting medium was obtained from Fluca Analytical, Switzerland and pformaldehyde from Merck, Germany. All other solvents and chemicals were of analytical grade.
Plant material
T. polium was collected in August 2014 on Stara planina mountain in Eastern Serbia, while T. montanum was collected in July 2014 on Goč mountain in Central Serbia. The collected samples were air-dried in darkness at room temperature.
Preparation of plant extracts
Prepared plant material (10 g) consisting of aerial parts of T. polium and T. montanum were transferred to dark-colored flasks. The material was separately soaked in 200 ml of methanol and stored at room temperature. After 24 h, the extracts were filtered through Whatman No. 1 filter paper and the residue was re-extracted with equal volume of solvents. After 48 h, the process was repeated. Combined supernatants were evaporated to dryness under vacuum at 40 °C using Rotary evaporator. The obtained extracts were kept in sterile sample tubes and stored in a refrigerator at 4 °C.
Cell preparation and culturing
Human breast cancer -MDA-MB-231 and human colon cancer -SW-480 cell lines were obtained from American Type Culture Collection. Cells were maintained in DMEM supplemented with 10% FBS, with 100 units/ml penicillin and 100 µg/ml streptomycin. Cells were cultured in humidified atmosphere with 5% CO 2 at 37 °C. Cells were grown in 75 cm 2 culture bottles supplied with 15 ml DMEM, and after a few passages, cells were seeded for different assays. All studies were done with cells at 70 to 80% confluence.
Cell viability assay (MTT assay)
The cell viability was determined by MTT assay (MOSMAN, 1983) . The proliferation test is based on the color reaction of mitochondrial dehydrogenase in living cells by MTT. MDA-MB-231 and SW-480 cells were seeded in a 96-well plate (10 4 cells per well). After 24 h of incubation (5% CO 2 at 37 °C), the cells were treated by 100 µl of methanol extracts from T. polium and T. montanum (1, 10, 50, 100, 250 and 500 μg/ml). The untreated cells served as a control. The results of cell viability were determined after 24 and 72 h from initial treatment. At the end of the treatment period, MTT (final concentration 5 mg/ml PBS) was added to each well and incubated at 37 °C in 5% CO 2 for 2-4 h. The colored crystals of produced formazan were dissolved in 150 μl DMSO. The absorbance was measured at 570 nm on Microplate Reader (ELISA RT-2100C). Cell proliferation was calculated as the ratio of absorbance of treated group divided by the absorbance of control group, multiplied by 100 to give a percentage proliferation. 
Immunofluorescence staining for determination of Fas receptors protein expression
Fas receptor protein expression on MDA-MB-231 and SW-480 cells was detected by immunofluorescence (Higuchi et al. 2001 ). Cells were cultured in 6-well plates on glass coverslips (Thermo Scientific), 7 × 10 4 cells/well. When cells were at 70 to 80% confluence, the media was aspirated and the cells were treated by 2 ml of methanol extracts from T. polium and T. montanum (50 μg/ml). After 24 h, the medium was aspirated and cells were washed with phosphate-buffered saline (PBS) (pH 7.2). Next, the cells were fixed with 4% pformaldehyde in PBS for 20 min at 37 °C. After the fixation, the cells were washed three times with PBS and then permeabilized with methanol (-20 °C) for 2 min, washed with PBS 3 times and non-specific binding sites were blocked using 1% BSA for 20 min. These fixed cells were stained with 20 μg/ml anti-Fas specific primary antibody (RD Systems) for 1 h at 37 °C. Sample coverslips were then washed twice and incubated with a secondary antimouse antibody conjugated with Cy3 (Thermo Scientific) at a 1:200 dilution in PBS. DAPI was used to stain the cell nuclei (blue) at 1:1000 dilutions. Sample coverslips were then washed twice and mounted on glass slide by polyvinyl alcohol mounting medium. The cells were visualized using Nikon inverted fluorescent microscope (Ti-Eclipse) at 600x magnification. This is a visual method and the results are presented as representative pictures.
Caspase 8 and 9 activities assays
The Caspase 8 and 9 colorimetric assays (RD Systems) were performed according to the manufacturer's protocol. MDA-MB-231 and SW-480 cells were seeded in 6-well plates (2x10 6 cells per well). After 24 h cells were treated by 2 ml of methanol extracts from T. polium and T. montanum (50 μg/ml). Non-treated cells served as a control. The cells were pelleted down, resuspended in 50 μl of cell lysis buffer (supplied with the kit), and incubated on ice for 10 min. After centrifuging at 10 000 x g for one min, the supernatants (cytosolic extract) were transferred to fresh tubes and kept on ice. The caspase 8 and caspase 9 assays were performed according to the supplied kit protocols. 50 μl of 2x reaction buffer (containing 10 mM DTT) was added to each sample and 5 μl of IETD-pNA substrate for caspase 8 or LEHD-pNA substrate for caspase 9, and incubated at 37 °C for 1-2 h. The level of caspase enzymatic activity in the cell lysate was directly proportional to the color reaction.
Statistical analysis
The data are expressed as mean ± standard error (SE). Biological activity was examined in three individual experiments, performed in triplicate for each dose. Statistical significance was determined using the Student's t-test or the one-way ANOVA test for multiple comparisons. A p value < 0.05 was considered significant. The magnitude of correlation between variables was done using a SPSS (Chicago, IL) statistical software package (SPSS for Windows, ver. 17, 2008) . The IC 50 values were calculated from the dose curves by a computer program (CalcuSyn).
RESULTS
Cytotoxic effects
Results presented in Figures 1 and 2 showed in vitro effects of the investigated plants methanol extracts on MDA-MB-231 and SW-480 cells viabilities, determined by MTT assay. T. polium and T. montanum significantly decreased MDA-MB-231 cell viability on the doseand time-dependent way (Figure 1 ). On the other hand, we showed that methanol extracts on SW-480 cells viabilities had stronger effects after 24 hours (Figure 2) . According to the given data, the cytotoxic effects are calculated and expressed by IC 50 values, concentration which inhibits 50% of cell growth (Table 1) . Criteria for significant cytotoxic activity of plant extract, according American National Cancer Institute, is IC 50 values lower than 30 µg/ml (SUFFINESS and PEZZUTO, 1990). According to this criteria, investigated plants extracts showed good, but no significant cytotoxic activity. However, from aspect of the use of plants as a supplement in antitumor therapy, these IC 50 values present a significant result. Altogether these results indicate more potent cytotoxic effects of T. montanum, and more sensitive MDA-MB-231 cells to treatments. Results are expressed as means ± SE for three independent determinations.
Proapoptotic effects
The treatments by T. polium and T. montanum caused some morphological changes of investigated cell lines, characteristic for apoptosis, like a condensation and chromatin fragmentation, reduction of cell size, membrane blabbing, formation of apoptotic bodies (Figure 3 ). There are some necrotic cells in the treatments, which are observed as red colored formations. Tables 2 and 3 Protein expression of Fas receptors, as indicator of external proapoptotic pathway, on MDA-MB-231 and SW-480 control and treated cells are presented on The images were taken using fluorescence microscopy at 600×. Nuclei were stained blue, Fas receptors were stained red.
Treatments by plant extracts caused increased caspase 8 activity, an initiator caspase of external apoptotic pathway, in MDA-MB-231 cells, compared to control cells ( Figure 5A ). This finding is in accordance with the indicated cytotoxic and proapoptotic activity, especially in treatment by T. montanum. Investigated treatment caused statistically significant decreasing of caspase 8 activity in SW-480 cells, compared to control cells ( Figure 5B ). This findings is in accordance with Fas receptor expression and lead to conclusion that apoptosis was not induced by external apoptotic pathway in these cells. polium and T. montanum extracts. Cells were incubated with treatments for 24 h. Results are expressed as means ± SE for three independent determinations. *P < .05 compared to untreated controls.
Caspase 9 is one of initiator caspase in internal apoptotic pathway. Activity of caspase 9 was increased in MDA-MB-231 cells after treatments by plant extracts ( Figure 6A) . Contrary, activity of caspase 9 was decreased in SW-480 cells after treatments by plant extracts ( Figure 6B ). These findings suggest that process of apoptosis in SW-480 cells is not induced by activity and involvement of these enzymes. Specific components in the composition of plant extracts can contribute to a variety of effects on cells, and run specified mechanisms of cytotoxicity (STANKOVIĆ et al. 2010; 2011) . In accordance to that, the difference in the effects between the different species of the same genus Teucrium, in this case can be caused by many ecological factors, or depend on the chemical composition of the extracts, which are primarily related to the presence of acids, phenols and flavonoids. High levels of specific flavonoids, as well as their relationship, may alter the cytotoxicity of plants. -level (superoxide anion radical) could be a significant cause of the cytotoxic and proapoptotic effect of tested plants.
For determination of apoptotic pathways, which are activated in treatment with T. polium and T. montanum, we monitored protein expression of Fas receptor and showed significant increase in MDA-MB-231 cells (Figure 4) . To determine the mechanism by which the apoptosis occurred we were examined caspase 8 and 9 as signaling molecules. Activity of caspase 8 (the initiator caspase on external pathway) increased as compared to untreated cells. Caspase 9 is also the initiator caspase on internal pathway which starts from the mitochondria. Activity of caspase 9 could be connected with the activity of caspase 8, because the activation of external pathway can activate internal pathway (WONG, 2011; OUYANG et al. 2012; WEINBERG, 2014) . In our study, we observed significant increase of caspase 9 activity in treatment with T. montanum extract, in comparison to T. polium (Figure 6 ), and also more significant effect on all monitored parameters of proapoptotic signaling pathways, which is consistent with a stronger cytotoxic and proapoptotic activity in the MDA-MB-231 cells.
SW-480 cells exhibited different behavior. The treatment even reduces the expression and activity of these signaling molecules of external and internal apoptotic pathways in these cells. Expression of the Fas receptor in the control SW-480 cells suggests that they were also be able to express this receptor and activate apoptosis without any treatment (RYAN et al. 2006) . Phenolic compounds, which are present in plants, may affect the activity of many cell receptors and enzymes (MIDDELTON et al. 2000) , so the results could be related to the chemical composition of the extract. Some literature data indicate that SW-480 cells belong to type of the cells that may enter into apoptosis and that could be completely independent of the mitochondria, although in many other types of cells this is not the case (OZOREN and EL-DEIRY, 2002). Since the SW-480 cells reduced the level of caspase 8 and caspase 9 activity, this indicates a potential caspase-independent apoptosis.
CONCLUSION
Finally, we concluded that examined species of plants induce apoptosis in different ways, and this behavior is prominent in MDA-MB-231 cell line. When compared two tested plant species, T. montanum shows a better cytotoxic activity than T. polium. Investigated plants could be considered as potential source of natural bioactive substances in antitumor therapy.
